Year 11 Physics Term 1 Week 3

Measurement and Conversion



Recall That

 Units that are not built from other units are
called base units.

* Some units are built up from other units.

* eg the unit of area is built from the unit of
length.

Area = length X length

Sql_lﬂl'E‘ meftre = meftre X meftre

2 .1 1
m-=m X m
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Derived unit



Units that are built up from other units are
known as derived units.

The square metre is a derived unit.

Different units may be used to make up a derived
unitegms ~1

The different units are separated by a space.

Sometimes one symbol represents two or more
different base units.

Eg: The unit for force is the newton.
Its symbol is N.

The newton is derived from the base units
kilogram, metre and second:

iy
N=kems-



Base Units

Name
metre
second
kelvin
kilogram
ampere
mole

candela

Symbol

1

mol

cd

Topic Area

Length

Time

Temperature

Mass

Electric current
Amount of substance

Luminous intensity




Derived Units

Name
newton
joule
hertz
ohm
volt
watt

pascal

Symbol
N

J

Hz

Q

vV

W

Pa

Topic Area

Force

Energy

Frequency

Electric resistance
Potential difference
Power

Pressure




* When a unit is used which has a power of 1,
the power is excluded for convenience, eg

e ml=m
e sl=3g



The Greeks

 Many of the topic areas are abbreviated using
the Greek alphabet, eg

Name Symbol Topic Area

Theta 7 Temperature
Lambda A Wavelength

Mu u Friction Coefficient
Rho J7 Density

Sigma ) Stefan’s Constant

Omega Q Electrical Resistance




Operations with units

 Addition and subtraction

* Measurements can only be added or
subtracted if they have the same units.
* Multiplication

* When multiplying the same topic area units
the indices (power numbers) are added
together.

) . g .
m' x m' = m’ e mxm=im" eg 2mx2m=4m




* Division
* When the same units with the same power

are divided they cancel each other and in
some cases the result is a ratio.

m . .
— = ratio (lm umts) eg — =3
m 2m

* When different topic area units are divided,
the denominator (bottom of the fraction) unit
changes its power sign from positive to
negative or vice versa.

m 8m _
 —ms | ep —  =4ms’?}

S ) 2s




Submultiple units

When using a 30 cm ruler to measure objects, most
people take the measurement in centimetres or
millimetres since it is easier to write 5 mm than 0.005
m.

Base units that are too big for some measurements, for
example, the metre can be split into

smaller units, e.g. the millimetre.

Base units can be split into smaller units called
submultiple units.

The millimetre is an example of a submultiple unit and
it is a smaller quantity than the metre.

A submultiple unit is a smaller guantity unit than a
base unit.



Multiple units

e Sometimes the base unit can be too small. For
example, large distances are often measured
in kilometres instead of metres.

* The kilometre is a larger quantity than the
metre.

A multiple unit is a larger quantity than the
base unit.



e Common prefixes used for multiple and
submultiple units are shown in the table
below:

Prefix Symbol }.m?ﬂmr - l\umhe-r_m Powers of ten
' words figures
Mega M Million 1 000 000 10°
Kilo k Thousand 1 000 10°
, | o,
Centi C Hundredth — 10~
100
11 I Itl : 3
Milli Thousandt — 10°
11l m 1ousandth 1000
Micro u Millionth 10

1 000 000




 Multiple and submultiple units must be
converted into S| units when used in formulae
for problem solving.



Conversion of units

* Conversion is an operation of changing
submultiple or multiple units into Sl base
units.

 The Conversion Factor is the figure, which
relates the multiple, or submultiple unit to the
Sl unit.



Units of Length

Eilometres and Metres
»1000

1 km 1000 m

0.75kme__ = _—750m
+1000

Metres and Centimetres
x100

Tm” = 100 em

2bmw. = _—260cm
+100

Mietres and hillimetres
»1000

Im™ = 1000 mm

R mw%m 1
+1000

Centimetres and hillimetres 10
b
ﬂ

1 cm 10 mm

loemw_ = _—~315mm
=10

Units of Mass

Eilograms and Grams

» 1000
kg™ =  *1000g
250kg mEﬁDD g
+=1000
Tonnes and Kilograms
» 1000
1 tonne = 1000 kg
20 tonnes WEUDDD kg
+=1000
Units of Capacity
Litres and Mlillilitres
» 1000
e ™ = 1000l
Lo litres e = 16380 ml
+=1000




Rules for conversion

* Rulel

 When converting a multiple unit (larger
quantity) into the Sl base unit (smaller
guantity), multiply the multiple unit by the
conversion factor.

Larger Quantity -------=> Smaller Quantity = Multiply by a factor



Example 1

* The kilometre is a multiple unit of the Sl base
unit of length, the metre.

* A kilometre is one thousand times larger than

the metre.
Multiple Conversion Factor Conversion SI units
1 kilometre (km) 1 000 1 x 1000 1 000 m

Relationship 1 kilometre = 1 000m =1x 10’ m



* Rule 2

 When converting a submultiple unit (smaller
quantity) into the Sl base unit (larger quantity)
divide the submultiple unit by the conversion

factor.

Smaller Quantity-------- > Larger Quantity = Divide by a factor



Example 2

 The millimetre is a submultiple unit (smaller
quantity) of the Sl base unit of length, the
metre.

e A millimetre is one thousand times smaller
than the metre.

Submultiple Conversion Factor Conversion SI units
1 millimetre (mm) 1 000 1/1000 0.001 m

Relationship 1 millimetre = 0.001lm = 1Xx 10~ m



Conversion examples

Multiple or Submultiple Conversion Factor Relationship
Multiple — kilometre km 1 000 1 km = 1000m
Submultiple — centimetre cm 100 100 cm = 1lm
Submultiple — millimetre mm 1 000 1 000 mm = 1lm




5 kilometres

5 km = 5x 1000 = 5000m = 5x10°m
25 centimetres

25 1
25 cm = = 0.25m = 25 x 10m

100
236 millimetres

236 .
236 mm = — = (0.236m = 236 x 1007m

1 000



Volume

* Derived unit cubic metre (m?)

Multiple or Submultiple Conversion Factor Relationship
Submultiple — cubic millimetre mm’ 1 000 000 000 1 000 000 000 mm’ =1 m’
Submultiple — cubic centimetre cm’ 1 000 000 1000 000 c’=1 v’

Submultiple — cubic decimetre dm’ (or litre 1) 1 000 1 000 dm’ =1m’ (or litres)




Volume Examples

102 dm’ or litres

102 ; L3
102 litres = _ = 0.102 m = 1.02x 10 m
1 000
235 cubic centimetres
3 235 3 — 3
253 cm = = 0.000235m = 235x107m
1 000 000
10290 cubic millimetres
10290 mm’ = 10 290 = 0.00001029 oy’ = 1.029x 107 oY’

1 000 000 000



Mass
Sl unit kilogram (kg)

Multiple or submultiple

conversion factor

Relationship

Submultiple — gram g

1 000

1000 g=1kg

Multiple — tonne t

1 000

1 tonne =1 000 kg




200 grams

200 g =

3.3 tonne

ronne

fad
fad

Mass Examples

200 .
1 000 - UL RE
33x1000 = 3300k

2x 107 kg



Time
S| unit second (s)

Multiple or submultiple Conversion factor Relationship
Multiple — minute min 60 I min=60s
Multiple — hour h 3 600 1h=3600s




Time Examples

5 minutes

3.0x10%s

5 minutes = 5xX60 = 300 s

2 hours

2 hours = 2x3600 = 7200s = 72x10°s



Density
Derived unit kilogram per cubic metre
kg m—3

0.8 gram per cubic centimetre

0.8 g cm” -~ 08 x 1000 = 800kgm = 8.0x10° kg™

5.6 gram per cubic centimetre

56gcm” = 56x 1000 = 5600kgm™ = 5.6x 10" kgm™



Force
Derived unit newton (N)

Multiple or submultiple Conversion factor Relationship

Multiple kilonewton kKN 1 000 1 kKN = 1000N

5 kilonewtons

S5KN

5 x 1000 = 5000 N = 50x 10°N

8.26 kilonewtons

8.26 x 1 000 = 8 260 N = 826x 10°N



Converting km/h to m/s

* |f you have two units at a time, you use two
conversion factors.

* eg, to convert 50 km/h to m/s you convert km
tomand 1/ hto1/s:

50 k. X 1000 m X

1 '11'-.__ - 13.9 im
A wim 3600 s




* Converting three units at a time, requires you
use three conversion factors.

* egto convert 50 mph to m/s you convert mph
tokm, kmtomand 1/ htol/s:



